The eventual occurrence of gross aberrations in the number and pattern of chromosomes is one o the main objections to the use of cell cultures in the study of physiology and disease. Such aberrations are essential features of the permanent cell lines such as HeLa, and accompany the phenomenon of "transformation", in which radical changes occur in cell structure, growth, and secretory functions. Transformation to "established" cell lines is commonly observed in cells from healthy rat and mouse tissues growing in vitro (Levan and Biesele, 1958; Rothfels and Parker, 1959) . Several examples have been recorded of similar transformations in cells propagated from human neoplasms (Gey, Coffman, and Kubicek, 1952; Fjelde, 1955; Berman, Stulberg, and Ruddle, 1957) . In contrast, transformation rarely occurs in cells from "normal" human tissues and these can often be grown for considerable periods in continuous serial cultivation without serious deviations from the euploid state (Puck, Cieciura, and Robinson, 1958; Hayflick and Moorhead, 1961; Ferguson and Wansbrough, 1962) . However, Saksela and Moorhead (1963) found that minor aneuploid changes occurred late in the life of the human strains W126 and W138. These chromosomal alterations could be clearly correlated with changes in the morphology and rates of growth of the cells. Hsu, Pomerat, and Moorhead (1957) first reported chromosomal studies on normal human synovial cells in culture. They found early aneuploid changes in a "strain" of cells propagated from synovial explants. Castor (1960) briefly described similar chromosomal alterations in explanted human synovial cells. Ferguson found normal chromosome counits and karyotypes in three synovial strains studied after 58, 71, and 106 days respectively (Fraser and McCall, 1965) . The inference that synovial cells might be intrinsically unstable in vitro has not received further investigation. The present paper reports a study designed to contribute more detailed information on chromosomal and behavioural changes in human synovial cells in vitro.
Material and Method Origin of the Synovial Cell Strain
The synovial cells used in this study were obtained from an intact human knee joint by a method developed in this laboratory (Fraser and Catt, 1961) and described in detail elsewhere (Fraser and McCall, 1965) . Briefly, the synovial fluid was aspirated from the knee of an 86-year-old female patient after amputation for peripheral vascular occlusion and distal gangrene. The synovial cavity was rinsed with pre-warmed physiological saline (0* 9 per cent.) and the synovial intimal cells dispersed by incubation for approximately 20 minutes with trypsin solution (0 25 per cent. in phosphatebuffered saline). The cell suspension was withdrawn and the trypsin decanted after centrifugation. The cells were grown in "Pyrex" milk dilution bottles (capacity 160 ml.) in culture medium consisting of medium 199 (Morgan, Morton, and Parker, 1950) 
Examination of Karyotypes
All abnormal cells and a selected number of "normal" diploids were photographed using Ilford Pan F film. Enlarged prints were prepared and individual chromosomes cut and arranged according to a modification of the system of classification suggested by Patau (1961; .
Results and Observations Chromosomal Changes
Assessment of mitoses was made in culture passages2, 3, 6, 7, 9, 11, 15, 18, 19, and21 (Table II) . (Levan and Hauschka, 1953) were observed throughout the examination (Fig. 3, overleaf) . Acetic orcein stain. Bright field. x 1,400 major chromosomal changes. Until passage 15, the cells multiplied rapidly and formed cell sheets in which individual cells exhibited a degree of apparent contact inhibition (Fig. 4a) . Thereafter the rate of proliferation declined and the cell layers tended to become ragged with cells lying across one another seemingly without contact inhibition (Fig.  4b) (Saksela, 1962; Spurna and Hill, 1967) . However, there have been few investigations of the type described in this paper on recently isolated human cell "strains" and little information is available to compare the chromosomal changes seen in human synovial cells and those in other human strains. During the present investigation, only two limited accounts were found of chromosomal alterations in human synovial cells. Hsu and others (1957) examined changes in morphology of cells and chromosome numbers in the "Mayes" strain derived from explants of normal human synovium. These cells were cultivated in a complex medium containing chicken embryo extract and ascitic fluid. The authors could not find any mitotic plates during the first four culture passages which encompassed a period of more than 4 months. By this time considerable changes had occurred and only 31 of a total of 49 mitoses counted had the normal human complement of 46 chromosomes. Hence, it was not possible to ascertain at what stage the aberrations began to occur. In a later study, Castor (1960) found early aneuploid alterations in cell strains derived from healthy human synovium and from synovial membranes of patients with rheumatoid arthritis or with systemic lupus erythematosus. As with the earlier study, the cells examined by Castor (1960) were propagated from explants.
The behaviour of the strain used in the present investigation was similar to that of the human diploid strains W126 and W138 described by Saksela and Moorhead (1963) . As in these studies, the changes in the rate of multiplication and in the appearance of the synovial cells were easily recognized and also appeared to correspond closely with the development of chromosomal instability. Miscellaneous observations on several other synovial strains, not documented in detail in the present paper, showed similar correlations between phenotypic and chromosomal deviations.
Strains W126 and W138, derived from normal foetal lung tissue, could be serially cultivated for more than fifty passages (Saksela and Moorhead, 1963) , whereas synovial strain 66-2 failed completely after the 21st sub-cultivation. Although many synovial strains used in this laboratory have shown normal "diploid" growth patterns for periods up to 120 days in continuous culture, it is uncommon for these strains to persist for more than 140 days. Transformation has never occurred in any of our synovial strains and in this respect they behave in a similar fashion to other strains derived from nonmalignant human tissues.
The proportion of aneuploid cells seen in strain 66-2 is slightly higher than that recorded in a number of human euploid strains (Puck and others, 1958; Makino, Kikuchi, Sasaki, Sasaki, and Yoshida, 1962; Saksela and Moorhead, 1963) . Castor (1960) found even more pronounced trends towards aneuploidy in synovial cultures derived from healthy subjects and from patients with arthritic disease. It is conceivable that cells from synovial MjjW -iI.--.:.
., tissue are inherently more unstable than those from other tissues although there is no obvious reason why this should be so. A factor common to the present work and that of Castor (1960) is the use of human serum in the medium employed to cultivate synovial cultures. Foetal calf serum appears to maintain chromosomal stability in cultured cells (Puck and others, 1958; Hayflick and Moorhead, 1961; Ferguson and Wansbrough, 1962) . In the growth medium used to propagate strain 66-2, foetal calf serum constituted only one half of the serum component, the rest being heat-inactivated human serum. No documented evidence has been found describing adverse effects of human serum on the chromosomal stability of diploid strains. However, fresh and heat-inactivated human sera produce variable effects on HeLa cells (Saksela, 1962; Saksela and Saxen, 1962) . Thus, fresh human serum reduced the modal chromosomal value of the HeLa stem-line relative to that of cells grown in heated serum. Individual batches of fresh serum showed some variation in this property. It is therefore possible that heat-inactivated human serum could cause minor chromosomal changes in diploid strains. Even so, in the growth medium employed in this study and in routine serial cultivation of synovial cells in this laboratory, strain 66-2 showed a long period of chromosomal stability. The correlation between alteration in growth rate and culture morphology and the development of gross chromosomal abnormalities was close enough to suggest that synovial cells selected before the onset of phenotypic aberrations could be assumed with confidence to be substantially euploid. Summary Cells derived from a "normal" human synovial membrane remained substantially diploid for fifteen serial passages encompassing a period of more than 60 days in continuous culture in medium containing synthetic medium 199 supplemented with heatinactivated human serum and foetal calf serum. During the diploid phase, cells multiplied at a uniform rate and formed regular monolayers. After the fifteenth subculture the synovial cells began to develop increasing numbers of chromosomal abnormalities including tetraploid and polyploid mitoses. Just before the final deterioration of the strain, a high proportion of the dividing cells became grossly polyploid.
Concurrently with the chromosomal changes, the synovial cells began to develop obvious morphological abnormalities and a marked reduction occurred in multiplication rate. Cells eventually failed to divide and could not be maintained beyond the one hundredth day in culture. The close agreement between chromosomal alterations and behavioural changes in the synovial cell strain suggests that the phenotypic state of the strain is indicative of its chromosomal stability. Concurrentemente con las alteraciones cromos6micas, las celulas sinoviales desarrollaron anomalias morfol6-gicas marcadas y la velocidad de su multiplicacion se redujo considerablemente. Finalmente la divisi6n se acab6 y no se pudo mantenerla mas alla de cien dias de cultivo. Este acuerdo intimo entre las alteraciones cromosomicas y el comportamiento de la cepa de c6lulas sinoviales sugiere que el estado fenotipico de la cepa es indicativo de la estabilidad cromos6mica. 
